Background: Reconstruction of the anterior cruciate ligament (ACL) is one of the most common procedures in orthopaedic surgery. However, even with advances in surgical techniques and implants, some patients still have residual anterolateral rotatory laxity after reconstruction. A thorough study of the anatomy of the anterolateral region of the knee is needed.
The anterior cruciate ligament (ACL) is the most frequently injured ligament in the knee. 5 In the United States, approximately 200,000 ACL reconstructions are performed each year. 5, 23 Historically, the first techniques for ACL reconstruction used extra-articular grafts. Subsequently, intra-articular reconstructions were performed, initially through an arthrotomy and later arthroscopically. 4 More recently, there has been an emphasis on anatomic reconstruction using single-and double-bundle techniques. 4 It is well known that patients diagnosed with ''isolated'' complete ACL tears may have different degrees of rotational laxity. ACL reconstruction may not entirely restore normal rotatory control leading to residual pathologic laxity. 4 This concept was highlighted by recent research on the function of the ACL bundles and the growing popularity of more anatomic ACL reconstruction. 9 Although the inability to restore normal kinematics may be because of limitations of current intra-articular techniques, lateral peripheral structure insufficiency may play a role in residual knee laxity. 4, 16, 27 The various techniques of anatomic ACL reconstruction try to reduce rotatory laxity by placing the graft in the footprint of the original ligament. However, even without any technical flaws and proper positioning of the bone tunnels, a residual pivot-shift may be observed in approximately 7% of patients after ACL reconstruction. 12, 20, 22 The most common cause of residual pathologic laxity is graft failure. In addition, untreated concomitant tears of the anterolateral structures may contribute to postoperative knee laxity. 27 Previous and recent studies have demonstrated the importance of the iliotibial band, the anterolateral capsule, and the thickening of this capsule in limiting anterolateral rotatory laxity of the knee. 14, 16, 17 These structures, particularly the anterolateral ligament (ALL) may be the key to restoring the normal limits of knee motion. 17, 29 The ALL was first described by Segond in 1879, and over more than 130 years, there were several different descriptions of this ligament but few really focused on its structure. 29 Vieira et al 28 previously described the anterolateral ligament in an anatomic study of the iliotibial tract. 29 Even though it has already been described, the literature has not yet revealed details of the ALL measurements in relation to anatomic landmarks of the femur, and especially not quantifying the bifurcation point of the meniscal attachment.
Therefore, the aim of this study was to describe the ALL of the knee, establish its anatomic points of attachment relative to other anatomic structures in the region, determine the measurements of this ligament, and perform a histological analysis to verify that it is a ligament.
MATERIALS AND METHODS
For the present study, 21 human cadaveric knees were used. This study was approved by the research ethics committee of our institution. One of the cadavers was excluded from our study because of a previous distal femur fracture, which was identified by the presence of osteosynthesis with a plate and screws and scars that indicated access through the anterolateral region of the knee. None of the human cadavers included in this study had a history of infection, previous surgery of the lower limbs, or other conditions that could alter the anatomy of the region. Of the 20 human cadavers, there were 16 males and 4 females, and we obtained 13 right knees and 7 left knees. Anthropometric measures of the cadavers are described in Table 1 .
The anatomic dissection was performed in a standardized manner. We initially dissected the skin and subcutaneous tissue and then performed a tenotomy of the quadriceps tendon at the myotendinous junction. The medial parapatellar retinaculum was then opened and an osteotomy of the anterior tuberosity of the tibia was performed, thus moving the patella for lateral access to the anterolateral region of the knee without violation of the adjacent extra-articular soft tissues. Part of the retropatellar fat in the region was resected for better viewing. The iliotibial tract at the Gerdy tubercle was removed, and a biceps femoris tenotomy was performed at the fibular head. The meniscotibial ligament was kept intact.
The tendon of the popliteus muscle (TPM) and the lateral collateral ligament (LCL) were isolated carefully to avoid reaching the attachment of the ALL in the region of the lateral epicondyle. The dissection of these last 2 structures was performed distal to proximal, starting at the fibular head of the LCL and following a posterior to anterior path of the ventral area of the popliteal muscle to the TPM to not violate the femoral attachment of the ALL during dissection, which could eventually alter its anatomy. With the exception of these ligaments, all of the other soft tissue structures were removed from the lateral condyle for clear visualization of the area.
After isolation of the lateral structures, clear visualization of the capsular thickening of the anterolateral region of the knee, compatible with the ALL of the knee, was possible ( Figure 1 ).
All dissections were performed using the same protocol. 8 After isolation and identification, the length, thickness, and width measurements were performed using a digital caliper (150 mm [6 inch] DC-60 Western, Zhejiang, China). The points of attachment were also documented. The ALL femoral attachment was based on the anterior-posterior and proximal-distal distances relative to the attachment of the LCL near the lateral epicondyle. The point of tibial attachment was based on the lateral portion of the Gerdy tubercle and the most anterior portion of the fibular head, the lateral tibial plateau cartilage, and the lateral meniscus. The bifurcation point of the ligament was measured relative to its femoral attachment, and the meniscus attachment of the ligament was measured relative to the TPM. In 10 dissections, the ligament was removed in a block with its attachments in the femur, in the tibia, and in the meniscus and sent for histological analysis.
RESULTS
Results are reported as averages + standard deviations. The ALL was clearly observed in the dissections of all 20 knees studied. The attachment of the ALL in the lateral epicondyle was found anterior and distal to the attachment of the LCL, near the articular cartilage of the distal region of the lateral femoral condyle.
Observing the course of the ligament proximal to distal, a bifurcation was observed at approximately 52.5% + 8.1% of its length. After the bifurcation, 2 notable ligament attachments were observed, one more proximal to the lateral meniscus, in the peripheral portion of the transition between the anterior horn and the body, and the other to the tibia more distal between the Gerdy tubercle and the fibular head (Figure 2) .
The attachment in the anterolateral region of the knee to the meniscus occurred approximately 19.4 + 3.5 mm anterior to the popliteus tendon, as it passes through the meniscal groove between the posterior horn and the body of the lateral meniscus. Viewing the inside of the joint, it was possible to visualize a triangular image with a distal base formed by the tibia, popliteus tendon, and the meniscal portion of the ALL (Figure 3 ). The tibial attachment was found to be approximately 4.4 + 1.1 mm from the most distal portion of the anterior articular cartilage of the proximal tibia. Considering 2 imaginary lines, one tangent to the posterior border of the Gerdy tubercle and the other tangent to the anterior border of the fibular head, the tibial attachment occurs at 38% + 11% of the way from the fibular head to the Gerdy tubercle ( Table 2) .
The measurements found for the ligament were as follows: mean length, 37.3 + 4.0 mm (range, 33-46 mm); mean width, 7.4 + 1.7 mm (range, 5-11 mm); and mean thickness, 2.7 + 0.6 mm (range, 2-4 mm).
In the histological analysis of the ligaments, the presence of dense connective tissue with arranged fibers and little cellular material was found in all specimens (Figure 4 ).
DISCUSSION
The aim of this study was to investigate the presence of a ligament structure in the anterolateral region of the knee and determine the anatomic parameters of this ligament. This line of research can be very significant because the current techniques of ACL reconstruction may not achieve normal rotatory laxity. 11, 12 The presence of an extraarticular structure responsible for limiting anterolateral rotatory laxity of the knee may explain why isolated intra-articular reconstructions, even when performed correctly, are not always sufficient to restore the rotatory movements of the knee. 29 The importance of the anterolateral structures in ACL reconstruction was documented in the older literature, but with the emergence of intra-articular techniques, function of the ALL was thought to be less relevant to successful reconstruction. 7, 13 Wroble et al, 30 in 1993, proved that an ACL tear associated with a lateral ligament injury would produce more external rotation than an isolated ACL tear. Terry et al, 26 in 1993, concluded that injuries to the components of the iliotibial tract contributed to the variation in anterior tibial translation. Samuelson et al, 21 in 1996, also showed that adding an extra-articular reconstruction to intra-articular ACL reconstruction would improve results if the patient had anterolateral ligamentous injuries. More recently, the ALL, was described by Vincent et al 29 in an anatomic study. Monaco et al, 17 in a biomechanical study, showed that sectioning the anterolateral structures increased internal rotation and the pivot-shift grade substantially. They found that the function of the ligament was important, and eventually, additional studies may find it to be crucial to correcting anterolateral rotatory laxity.
In our study, the ALL was found in all knees and it had similar length, width, and thickness measurements in all specimens, with values similar to recent studies. 29 The attachment of the ligament to the lateral epicondyle region was similar in all specimens. The ALL from the 20 dissected knees, while presenting minor variations, had a femoral attachment that was anterior and distal to the attachment of the LCL. Contrary to previous studies, attachment was not proximal or at the same level of the LCL. 8 In these cadavers, a clear bifurcation of the ligament in its path toward the tibia was observed. This can be very significant during biomechanical structural testing because the resulting 2 different attachments may have different roles in the control of rotatory laxity. The section of only one of the attachments with the preservation of the other may confound the results of biomechanical testing.
The attachment of the ALL to the lateral meniscus periphery was identified in all dissections. It was difficult to visualize a clear separation between the meniscus fibers and the attachment of the ligament. Thus, it is possible to hypothesize that the ALL may participate in the genesis of lateral meniscus tears, especially peripheral rim detachment tears. Also, lateral meniscus tears in the region of the ALL may be caused by anterolateral rotatory instability of the knee. 18, 19, 24 Further studies are necessary to determine the biomechanical relationship between the ALL and lateral meniscus.
Visualizing the inside of the joint after dissection, with the formation of a triangle between the tibia, the TPM, and the ALL, also suggests that injury to the ALL may cause increased anterolateral rotatory laxity. The TPM restricts posterior-lateral rotatory instability, and this triangular image (Figure 3 ) suggests the opposite function of the ALL because the attachment points of these structures are very close together on the lateral epicondyle and apart on the tibia. 6, 15 The tibial attachment of the ALL was also constant and slightly posterior to half the distance between the Gerdy tubercle and the fibular head. The attachment was closer to the Gerdy tubercle in only 1 dissected case, but even in this case, the attachment was at only 52% of the distance from the fibular head. This attachment of the ALL may be associated with the Segond fracture, which is a bony avulsion from the anterolateral tibia found in approximately 9% of patients with ACL ruptures. 10 This fracture is probably not caused by the iliotibial band, the anterior oblique band of the LCL, or the meniscotibial ligament, as has been reported in other studies. 3, 10 We found some anatomic differences in the ALL compared with the findings of Vincent et al. 29 The femoral attachment was halfway between the LCL and the TPM and closer to the LCL. Neither the ligament bifurcation and its anatomic parameters nor the meniscus attachment in relation to the popliteus tendon sulcus were described by Vincent et al. 29 The tibial attachment was also closer to the fibular head than the Gerdy tubercle. In the histological analysis, the finding of a well-arranged dense connective tissue confirmed the presence of a true ligament in this area not just a capsular thickening of less organized, less cellular, and less dense tissue, as previously described. 25 This study of 20 human cadaveric dissections establishes the anatomic landmarks of the ALL. The main weakness of our study was the absence of a biomechanical analysis of this ligament. Our findings can serve as a guide for more precise biomechanical studies, particularly regarding the bifurcation of the ligament at approximately one-half its length, resulting in a double distal attachment. We feel that biomechanical studies should also focus on the importance of each of these bands in controlling rotation of the tibia relative to the femur.
Additional research could include the investigation of ALL injuries and posterior-lateral corner injuries to ACL tears. Further evaluation of the clinical importance of the ALL and proposals for repair and reconstruction of the ALL, as done for all other ligaments in the knee, may be indicated.
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CONCLUSION
The ALL attaches to the femur anterior and distal to the attachment of the LCL. It has a clear bifurcation at close to half of its length and 2 important distal attachments, one at the lateral meniscus and another at the Gerdy tubercle and the fibular head.
